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Abstract:  

The basic principles of the fire services are similar all over the world. The fire-fighting and the 
technical rescues need similar equipment, tools, as in Poland, Hungary as in Spain. There are not 
many differences between the basic fire service’s technical equipment in Europe, so if we can 
measure the efficiency of a fire equipment, the results also can be usable in a different country. In 
this paper there are introduced the results of some experiment, the comparison of three positive 
pressure ventilators, a fire engine’s pump and a training with respiratory system in particular. In 
the experiments, three different types of mobile positive pressure ventilation system were tested.  
The results showed, that in shorter distance the Leader MT 224 can give the fire-fighters the 
highest airspeed of 105 km/h, but 2 m far from the fan the Leader MT 260 reached the highest 
airspeed only of 39 km/h. The Rosenbauer type reached the best values in 1 m distance (76 km/h). 
The results of the experiments, where the produced airspeeds on the opposite side of the building 
was measured and analysed, in dependency on the different fan distance from the entrance, the 
best results were reached by the Rosenbauer Fanergy V24, directly placed to the entrance door. 
The results related to testing the water pressure changes, when using different long fire hoses, 
showed that only very small differences were measured between the results with multiple fire lines 
and three fire hose lines. When talking about the training with the respiratory system, we can 
notice a major difference in the time of training values between the well-trained fire-fighters 
(8:20) and the students (15:30). 
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Abstrakt: 
Základné hasičské jednotky sú podobné na celom svete. Hasičská technika ako aj záchranárska 
technika a vybavenie sú podobné ako v Poľsku, Maďarsku, tak aj v Španielsku. V Európe existuje 
len niekoľko rozdielov vo výzbroji hasičských jednotiek, na základe čoho sa dá predpokladať, že 
výsledky testovania efektivity hasičskej techniky bude možné využiť v rôznych krajinách. 
V príspevku sú predstavené výsledky niekoľkých experimentov, najmä porovnania troch 
pretlakových ventilátorov, čerpadla cisternovej automobilovej striekačky and výsledky cvičenia 
s autonómnym dýchacím systémom. V experimentoch boli testované 3 druhy pretlakových 
ventilátorov. Výsledky preukázali, že na kratšiu vzdialenosť môže ventilátor Leader MT 224 
dosiahnuť najvyššiu rýchlosť (105 km/h, ale už 2 m od ventilátora dosahoval ventilátor najvyššiu 
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rýchlosť len 39 km/h. Ventilátor typu Rosenbauer dosahoval najlepšie hodnoty vo vzdialenosti 1m 
(76 km/h). Výsledky experimentov, v ktorých bola meraná a analyzovaná rýchlosť prúdenia 
ventilátora na opačnej strane budovy, v závislosti aj od rozličnej vzdialenosti ventilátora od 
vchodových dverí, preukázali, že najlepšie hodnoty boli dosiahnuté pri použití ventilátora typu 
Rosenbauer Fanergy V24, ktorý bol umiestnený priamo pri vchodových dverách. Výsledky 
experimentov zameraných na skúmanie tlakových zmien pri použití rôzne dlhých hasičských hadíc 
preukázali len veľmi malé rozdiely medzi výsledkami dosiahnutými pri použití viacerých sériovo 
zapojených hadíc a len troch hasičských hadíc. Z hľadiska výsledkov experimentov realizovaných 
počas cvičení s autonómnym dýchacím prístrojom boli zaznamenané veľké rozdiely v hodnotách 
času cvičenia medzi dobre trénovanými (8:20) a študentmi (15:30). 

Kľúčové slová: Hasičská jednotka, hasičská technika, zásah, výcvik  

Introduction 
In Hungary, at the National University of Public Service, Institute of Disaster 

Management is responsible for educating and scientific researches for the fire service 
field through the Department of Fire Prevention and Rescue Control. The author in the 
last years made more measures with the full-time fire students of the university in the 
framework of different trainings. The trainings (and also experiments) were organized 
together with the Disaster Management Education Centre, Hungary. [1] The students 
all times were fire officer students who already has some years of experience as sub-
officers. 

In this paper firstly three different positive pressure ventilations will be analysed 
used by more fire services in Europe. The types analysed are Leader and Rosenbauer.  

Secondly the water carrying capacity of a fire engine’s pump will be 
demonstrated using different number and long hoses. The results of the measures can 
show the water pressure differences just before the fire nozzles. 

In the last part the reader will get information about what are the results in the 
field of respiratory system trainings. There were some courses in the smoke chamber 
at the Directorate of Disaster Management, Capital Budapest. The reader will get to 
know the results about the pressurized air consumption and the context of using times. 

 

1. Fire equipment and capabilities tested 
Implementing the scientific based experiments (tests) is a good way to show the 

efficiency of different services and methods. [2]  

In this paper three issues experiments are introduced: 

- the ventilation area of fire interventions, 
- the water pressure changes when using different long fire hoses, 
- the results of drill with respiratory system, 
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1.1. Mobile positive pressure ventilation 
Very important is to give fresh air during a house fire to support the intervention. 

[3] It can help to cool down the temperature inside, can give more visibility so putting 
out the fire can be much faster, easier and safer. [4, 5] To make a “wind” we can use 
mobile ventilation equipment from different factories. A perfect possibility to compare 
different factory’s product was a university class held in the training ground of the 
Disaster Management Education Centre, 2016. The figures below show some steps of 
the experiment. 

 Figure 1, 2 Measuring the airspeeds in different positions (Source: Author, 
2016) 

During the class three different types of mobile positive pressure ventilation 
system were tested (PPV). Two of them were Leader (MT 224 and MT 260) and one 
was a Rosenbauer (Fanergy V24). They are typically used by fire services, disaster 
management organisations in Hungary and also in a lot of countries in Europe. 

 

Table 1 Original powers of the fans and the measured airspeed data by in different 
points from the fans (Source: Author) 

Power (HP) 

Airspeed 
(km/h) 20 
cm away 

 Airspeed (km/h) 
1 meter away 

Airspeed (km/h) 
2 meters away 

Leader MT 224 3.5 105 57 34 

Leader MT 260 9 100 51 39 

Rosenbauer Fanergy V24 6.5 72 76 38 
 

The first step was the measuring airspeed in open space area in different places 
from the PPV’s. In table 1, there are introduced the different types of fans, their power 
possibility and results. The highest values are shown bold and we can recognize, 
different distances that can give us different solution to reach the best airspeed. In 
shorter distance the Leader MT 224 can give the fire-fighters the highest airspeed (105 
km/h) but 2 m far from the fan the Leader MT 260 reached the highest airspeed (39 
km/h). The Rosenbauer type reached the best values in 1 m distance (76 km/h). 
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Those results were in open space area, but to simulate the real conditions, we 
used a smoke-filled training house. In the front of the entrance door the fans were 
established in different positions, all the doors and windows were closed, expect one 
window (Figure 3), and the produced airspeed was measured (Figure 4). The PPV’s 
were measured three times in different positions from the entrance door (2.5 m, 1.2 m 
and directly at the entrance door). Table 2 can show the results of the measurements. 

Table 2 Measured produced airspeeds on the opposite side of the building depending 
on the different fan distance from the entrance (Source: Author) 

Measured leaving airspeed (km/h) 

2.5 m 1.2 m 0 m 

Leader MT 224 6.4 7.3 3.3 

Leader MT 260 3.7 4.2 3.8 

Rosenbauer Fanergy V24 5.1 5.7 10.7 
    

 

The highest reached values are shown bold. We can recognize the far best result 
was reached by using the Rosenbauer Fanergy V24, directly placed to the entrance 
door. The produced airspeed was of 10.7 km/h. In different situations, the fire-fighters 
can find different problems to place the fans. If the distance from the door is more than 
1 m, i.e. 1.2 m and 2.5 m, much better results were achieved by the Leader MT 224. It 
was not expected result in such conditions. 

 Figure 3, 4 Measuring the leaving airspeeds from the testing building (Source: 
Author 2016) 

1.2. Water carrying 
Suppressing the fire can be achieved by different fire equipment. Situations like 

bigger building fires needs big amount of water, higher water pressure and more fire 
hoses. Using more fire hose lines (hoses), more fire nozzles decrease the water 
pressure. The pressure of water also depends on the length of the hose system. [6] [7] 
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In 2016, in a common class with the students of the National University of Public 
Service and the students of Disaster Management Education Centre in Budapest, next 
to the Danube River there, was a possibility to get practice and making measures for 
the values of water pressure. The water source was the river (Figure 5) and the fire 
engine was Mercedes Benz Rosenbauer AT2 4000 (Figure 6). After starting the pump, 
the water reached the nozzles and the values of water pressure were written with the 
engine’s pump original, source pressure value. The measures were repeated eight 
times with increased pump power (pump pressure). The pump pressures were fixed 
during the different tests: 4, 6, 8, 10, 12, 14, 14-15, 15 bars. 

Figure 5, 6 The way of the water carrying from the water source (Danube River) 
to the Fire Engine’s pump (Source: Author 2016) 

Toi get the valid testing results, two hose water transport systems were built 
(with multiple pieces of fire hoses, Figure 7), one reached the length of 360 m and the 
other reached 680 m. The measurement point was a water pressure gauge integrated to 
the fire hose line just before the fire nozzle (Figure 8). Because the Disaster 
Management Education Centre has only two pieces of water pressure gauges, the 
measurements by three fire hose lines showed two different values. Only very small 
differences were measured between the results with multiple fire lines, so we can take 
into consideration directly the values obtained in the case of three fire hose lines 
(Table 3). 

Table 3 Measured water pressures (bar) in front of the nozzles, depending on the 
fire engine’s pump pressures with 360 m long hose-system (Source: Author and the 

students, teachers of Disaster Management Education Centre, Hungary) 

 360 m long 4 bar 6 bar 8 bar 10 bar 12 bar 14 bar 14-15 bar 15 bar 

with 1 nozzle 3.25 4.8 6.2 8.0 9.5 11.0 - 11.5 

with 2 nozzles, 
No. 1. and No. 
2. data 

   1: 2.5 
2: 2.5 

1: 3.5 
2: 3.5 

1: 4.5 
2: 4.6 

1: 5.6 
2: 5.7 

1: 7.0 
2: 7.0 

1: 8.1 
2: 8.1 

1: 8.4 
2: 8.5 - 

with 3 nozzles, 
No. 1. and No. 
2. data 

1: 1.6 
2: 1.5 

1: 2.5 
2: 2.5 

1: 3.5 
2: 3.5 

1: 4.0 
2: 4.0 

1: 5.0 
2: 4.9 

1: 5.6 
2: 5.6 - - 
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In some situations, there occurred an error during the measurements, so the 
author ignored the results, which were not relevant to the results obtained, in general. 

 

Figure 7, 8 The way of the water from the pump (fire engine) to the end of the 
nozzle, through the measuring device (Source: Author 2016) 

We can easily recognize and calculate by the tables the changing of water pressures 
depending on the length of the fire hose lines, the number of the fire hose lines and the 
pump’s original pressure (power). 

 

Table 4 Measured water pressures (bar) in front of the nozzles depending on the fire 
engine’s pump pressures with 680 m long hose-system (Source: Author and the 

students, teachers of Disaster Management Education Centre, Hungary) 

680 m long 4 bar 6 bar 8 bar 10 bar 12 bar 14 bar 14-15 bar 15 bar 

with 1 nozzle 2.5 4.5 6.0 7.0 8.6 9.5 - 10.1 

with 2 nozzles, No. 
1. and No. 2. data 

1: 
1.5 
2: 
1.4 

1: 2.5 
2: 2.5 

1: 
3.6 
2: 
3.5 

1: 4.4 
2: 4.5 

1: 5.2 
2: 5.5 

1: 6.1 
2: 6.2 - - 

with 3 nozzles, No. 
1. and No. 2. data 

1: 
1.1 
2: 
1.0 

1: 1.9 
2: 2.0 

1: 
2.5 
2: 
2.6 

1: 3.1 
2: 3.2 

1: 3.7 
2: 3.9 

1: 4.3 
2: 4.1 

1: 4.6 
2: 4.8 - 

The results can be further compared with the results of the mathematical 
modelling and the values from the fire services practice. [8] 

1.3. Training with respiratory system 
A very important part of fire-fighters education is the training for low visibility, 

narrow areas using breathing apparatus. The Directorate of Disaster Management, 
Capital Budapest has a special psychic training ground for the fire-fighters. It can be 
filled by generated smoke, has a changeable interior labyrinth, can play noises and 
screams (Figure 9). In the centre of the building, there is an observation room to 
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control the training, take care about the participants and in emergency, immediately 
can switch on the light and on the ventilation system. 

    

 

 

 

 

 

 

 

 

 

Figure 9 and 10 The training ground before the drill, in half of mist by light, and 
during the training by fire-fighter torch (Source: Author 2017) 

In 2017, the author organised a common training for some fire-fighters and for 
some university fire officer students Figure 10). In table 5, there are introduced the 
data on the participants without names. The numbers show the real persons. All of the 
trainings were done by the fire-fighters pairs (body to body), so it can be recognized, 
that one of the students did the training twice. Firstly, as a leader and secondly as a 
supporting pair. They only can use a fire-fighter torch for the navigation in the smoke 
filled narrow, labyrinth style, multilevel area. [9, 10]  

Table 5 Measured air consumption and time date during the training (Source: 
Author) 

Participants Air Pressure IN Air pressure OUT Quantity of pressure lost Time of training 

Student 1 275 140 135 14:15 

Student 2 290 150 140 14:15 

Fireman 1 285 132 153 N/A 

Fireman 2 290 160 130 N/A 

Student 3 280 150 130 13:25 

Student 1 270 150 120 13:25 

Fireman 3 291 50 241 15:30 

Fireman 4 270 105 165 15:30 

Fireman 5 160 110 50 8:20 

Fireman 6 300 200 100 8:20 
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During the trainings, the time of implementing was measured. Before the start, 
the original pressure values in the bottles were recorded and after the end too. From 
the data, it is easy to calculate the consumption of pressurized air. The data, which is 
not reliable, were not used later, e.g. time data with N/A sign. 

We can notice a major difference in time of training values between the well-
trained fire-fighters (8:20) and the students (15:30). The student’s time values showed 
the chance for the personal development. Analysing the lost air pressure data, we can 
notice, how important it is to train the fire-fighters for using respiratory systems. The 
same tasks were finished by Fireman 5 by 50 bars air pressure and the Fireman 3, who 
did it by 241 bars, while his pair used only 165 bars! 

Conclusions 

Measuring on scientific base can help to improve the efficiency of fire units and 
also can support the decision makers. The author’s plan is to build a big international 
database in the field of fire services, disaster management to help the education 
process and the implementation of everyday tasks of fire-fighters as well as to support 
them at the incident scene. [11] 

This paper introduced results providing a knowledge on how the different types 
of mobile positive pressure equipment works in different situation and what a 
performance is typical for them.  

There were also demonstrated the differences of performance when using the 
multiple fire nozzles and longer fire hoses from one fire engine’s pump. 

Finally, there is introduced the information on air consumption of fire-fighters 
during the training in a smoke chamber, which can be further used for the comparison 
scientific studies on this issue. 

These fire trainings demonstrated, how the experiments and scientific thinking 
can enhance the training to make it a higher-level and giving multiple results. One 
result is the skilled participants and the other are the results reached in the real 
conditions and in the experiments. 
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